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APERTURE SYNTHESIS IMAGING RADAR

AND THE EISCAT 3D PROJECT
C. La Hoz
University of Tromsa, Department of Physics and Technology
NO-9037 Tromsa, Norway
Cesar.La.Hoz(@uit.no

The physical principles of Aperture Synthesis Imaging Radar (ASIR) are
essentially the same as Very Long Baseline Interferometry (VLBI) used by radio
astronomers to image stellar objects. In the radio astronomy case the source
itself spontaneously emits radiation that is collected by a number of passive
antennas. In the case of ASIR, the radar transmitter — acting like a camera
flash — illuminates the target (the ionosphere or atmosphere) and a number of
antennas collect the scattered radiation — exactly as in the radio astronomy case.
From this point on, the two cases are essentially identical (although Earth's
motion in the radio astronomy case is an important difference). The physical
principle of both techniques is based on the fact that the space correlation
function of the electric field diffraction pattern on the ground of the incoming
radiation is approximately equal to the Fourier transform of the brightness
distribution of the source (the image), which is known as the van Cittert-Zernike
theorem. The approximation is valid when the source is far away (the angular
size of the source is small) and its radiation is incoherent, conditions that are met
in many applications in radio astronomy and in ionospheric radar measurements.

Aperture Synthesis Imaging Radar (ASIR) is the technology adopted by
the EISCAT 3D project, that will give the new radar system imaging
capabilities in 3-dimensions including sub-beam resolution in the plane across
the transmitter antenna beam. When complemented by pulse compression
techniques, it will provide 3-dimensional images of certain types of incoherent
scatter radar targets with resolution of the order of 100 meters at 100 km range
in any direction illuminated by the transmitter beam. The cross-beam resolution
will vary as the inverse of the range squared. This ability will open new research
opportunities to map small structures associated with non-homogeneous, non-
steady, unstable processes such as aurora, summer and winter polar radar echoes
(PMSE and PMWE), Natural Enhanced Ion Acoustic Lines (NEIALSs),
structures excited by HF ionospheric heating, meteors, space debris, and
possibly others.
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FREQUENCY-AND-ANGULAR SOUNDING OF THE IONOSPHERE
V. G. Galushko
Institute of Radio Astronomy, National Academy of Sciences of Ukraine, Kharkov, Ukraine
4, Chervonopraporna St., Kharkiv, 61002, Ukraine
galushko@rian.kharkov.ua

The paper presents the method of frequency-and-angular sounding which
allows recovering 3D inhomogeneous structure of the ionosphere, including
Traveling Ionospheric Disturbances (TID), from measurements of HF signal
parameters at oblique radio paths. The TIDs are reconstructed in the model of
electron density waves moving through a realistic ionospheric layer using time-
varying angles of arrival and Doppler frequency shifts of the probe signals. The
inverse problem was solved in the spectral domain within two approaches, a
statistical and a dynamic. This allows not only recovering the basic parameters
of the disturbances (amplitude, wavelength and motion direction) but also
visualizing this kind of plasma inhomogeneities. To measure horizontal
gradients of the electron density, frequency dependences of the group time-delay
of the sounding signals are used in addition. The suggested technique has been
validated through computer simulations. The adequacy of recovering
ionospheric parameters in field conditions is verified by data of simultaneous
ionospheric diagnostics using other independent methods.
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FEATURES OF DISTANCE SOUNDING IONOSPHERE
BY MEANS OF INCOHERENT SCATTERING

OF RADIO WAVES
V. O. Pulyayev
Institute of lonosphere of NAS and MES of Ukraine
16, Chervonopraporna str., Kharkiv, 61002, Ukraine
pulyayev@kpi.kharkov.ua

Ways of solving scientific and applied problems related to improving the
efficiency of determining the parameters of the ionosphere during the company's
the remote sensing of near space are described. It is shown that in the framework
of the existing theory of incoherent scattering (IS) can be implemented practical
base, which expands the information possibilities for IS.

In particular, sets out the materials that affect the use of probing signals in
the study of the ionosphere, as well as related mathematical methods for
calculating the heights distributions as the signaling functions and ionosphere
parameters in the case of observation of their behavior in the altitude range
100 ... 1,500 km. It is concluded that the formation of the properties of the
signals that will improve the temporal and spatial resolution, requires specific
coding elements for the probing parcels. It contributes to the registration the
random nature of scattering and of the behavior of the ionospheric plasma, when
takes place a significant change of the electron density with height.

It is shown how to solve the problem of calculating the correlation
characteristics when are the receptions and processing of the scattering signal. In
order to obtain reliable solutions, must be the principles of signal conversion,
which take into account the peculiarities of the pulse-sensing specificity of
incoherent scattering of radio waves and the structure of hardware tools for IS
radar.

Attention is paid to the mathematical tool that allows to control the
statistical characteristics of the scattering signal, as well as the altitude and time
characteristics of the medium parameters. Treatment options of this information,
the correlation functions and spectra for arbitrary signal/noise ratio and in the
presence of impulse noise and fluctuation are considered.

Options control for transceivers by bringing information about the power
of cosmic noise present at the receiver input of the radar system are shown. It is
demonstrated in the case of regime change IS radar, i.e. by changing its
“constant function”, the algorithms refine the results of measurements of the
electron density does not require auxiliary data from the stations of vertical
sounding.

Is special attention to the synchronization tasks for creating common
software, common scientific instruments and computing resources, the
possibility of use of the publicly available databases, the organization of the
processing and interpretation of experimental ionospheric data with network
databases.
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THE SURA HEATING FACILITY: STATUS AND RECENT RESULTS

V. L. Frolov
Radiophysical Research Institute
Bolshaya Pecherskaya Str., 25/12a, Nizhniy Novgorod, Russia
frolov.418@nirfi.sci-nnov.ru

In the report we present results obtained recently in experiments carried

out at the “Sura” heating facility (Nizhny Novgorod, Russia), which are defined
some features of artificial ionosphere turbulence induced in the ionosphere by
modification of its F, region using powerful HF radio waves radiated with O-
mode polarization.

The following features of the artificial ionospheric turbulence are

considered in the report:

Artificial ionosphere turbulence features at different stages of interaction
between powerful HF radio waves and ionosphere plasma [1,2];

Temporal evolution of artificial ionosphere irregularities and their spectral
characteristics [1,2];

Gyro features of artificial turbulence generation [3,4];

Features of artificial irregularities at low altitudes [5];

Features of stimulated electromagnetic emissions [6,7];

Spatial structure of the ionosphere disturbed volume [2,8];

Manifestation of the magnetic zenith effect in turbulence generation [2,8];
Generation of AGWs by periodical ionosphere pumping [9];

Features of plasma perturbations HF induced in the upper ionosphere at
altitudes of ~ 700 km [10,11].

Frolov V.L. et al., J. Atmos. Solar-Terr. Phys., 1997. Vol. 59, No. 18, pp. 2317-2333.
Frolov V.L. et al., Physics-Uspekhi, 2007. Vol. 50, No. 3, pp. 315-324.

Kagan, L.M. et al., 2006. J. Radiophysics and Radio Astronomy, Vol. 11, No. 3, pp. 221-
242,

Frolov V.L. et al., Radiophys. and Quantum Electr., 2012. Vol. 55, No. 6, pp. 357-381.
Bakhmetieva N.V. et al.,, Radiophys. and Quantum Electr., 2012. Vol. 55, No. 1-2,
pp. 95-109.

Frolov V.L. et al., Geophys. Res. Lett., 2001. Vol. 28, No. 16, pp. 3103-3106.

Sergeev E.N. et al., Advances and Space Research, 2006. Vol. 38, pp. 2518-2526.
Kunitsyn V.E., et al., Radio Sci., 2012. Vol. 47, RSOL15, doi:10.1029/2011RS004957.
Chernogor L.F. and Frolov V.L. Radiophys. and Quantum Electr., 2012. Vol. 55, No. 1-
2, pp. 13-32.

Frolov V.L., et al., JETP Letters, 2008. Vol. 88, No. 12, pp. 790-794.

. Rapoport V.O., et al.,, J. Geophys. Res., Vol. 115, A10322, doi:10.1029/2010JA015484,

2010.

The work was supported by Russian Foundation of Basic Research
(project Nos. 11-02-00374, 12-05-33065, and 13-02-12074)
and Russian Government contract No. 14.518.11.7056.
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OUINYECKHUE DPPEKTHI YEJIABUHCKOI'O METEOPOU A

JI. ®@. YepHorop
Xapvkosckuii hayuonanvHwvll ynueepcumem umenu B. H. Kapasuna
ni. Ce0600wi, 4, 2. Xapvkos, Ykpauna
Leonid.F.Chernogor@univer.kharkov.ua

[IponeT u B3pbIB Ha BbicOTE 25 KM UenssOMHCKOro METEOpOU,ia BhI3BalI BO
BCEX Treoo00I0YKax 3aMeTHble (WM CUJIbHBIE) BO3MylleHUs. IlocTpoeHsl
TEOpEeTUYECKasl W SMIHMPUYECKass MOJENU OCHOBHBIX MPOIECCOB B ITUX
oOonoukax. M30bITOUHOE AaBiIeHHE Ha MOBEPXHOCTU 3eMJIM BOJIM3U SMUIIEHTPA
B3pbiBa cocTtaBmiio 1 — 3 kIla, 4ro BbI3BaJIO pa3pyllieHHs] HA TUIOMAAN OKOJIO
6 TBIC. KM". DHeprus CBETOBOM BCHbIMIKU Obuta okoyio 375 TIx, yto Ha 1 — 2
MopsAJIka MEHbILIE JHEPruu, MPU KOTOPOH BO3HUKAIOT MOXKAapbl. JHEPrus
B3PBIBHOM BOJIHBI M aKyCTHYECKUX KojeOaHuil Obuna 6mmska xk 560 u 19 TIx.
OTHOCHUTENbHBIE BO3MYILIEHUS JABJICHUS BO3yXa U KOHIICHTPALIUH 3JIEKTPOHOB
N B nonocdepe Hax SNUIEHTPOM B3pbIBa JOCTUTaIU COTEH npoieHToB. [Iponer
Teda  COMPOBOXIAICS  IUIA3MEHHBIMM, MArHUTHBIMH,  DJIEKTPUYECKUMH,
ANEKTPOMAarHUTHBIMU U aKyCTUYeCKUMH 3(dekramu. BoszmylieHuss ot B3pbIBa
paclpoCTPaHsIUCh MO TOPU3OHTANIU Ha pacctossHua R ~ 1000 — 3000 xwm.
Marnutyna 3emieTpsceHuss He mnpeBblmasia 2 — 3. Kocmuueckue Ttena,
nono6Hsie YensOunckoMmy, nagaroT Ha 3eMiTto OAUH pa3 B 65 Jer.

OOnHapyxeHbl TPOSABICHHUS BO3MYIIEHUM N Ha BbICOTaX HWXKHEH
nonocdepsl (z = 65 — 70 km) Ha pacctosHun R =~ 1575 kM, BBI3BaHHBIC
BO3JICMICTBUEM AaKyCTHYECKOW BOJHBI ¢ mnepuogom 200 — 230 c, umeromei
CKOpOCTh pacnpoctpanenus v = 290 — 400 M/c. OTHOCUTENIBHAS aMIUTATYA Oy
Bo3myieHus: N papHsuuch 2.7 — 4.6 %. AMIUIMTYIbI KOJeOaHUN BBICOTHI
obnmactu otpaxkenust U ¢aspl curHaisa cocrabmsum 0.1 — 0.2 xm u 4 — 7°
COOTBETCTBEHHO. MIOHO30HA0BBIE HAOJIIOICHUS TO3BOJIMIN OOHAPYKUTH BOJIU3U
MakcUMyMa cjosi F2 mposiBIEeHUs aKyCTHKO-IpaBUTAIlMOHHBIX BOJH (AI'B),
pacupoCTpaHsIOMUXCs cO cKopocThio v = 800 M/c Ha paccTOSIHUS HE MEHee
3000 kM, pu 3ToM Oy = 10 — 20 %. IIpoAOIKUTENBHOCTS BO3MYIIEHUST OblIa
okoJi0 4 — 5 4. Ha paccTosiHUsIX B HECKOIBKO COT KHJIOMETPOB OT MECTa B3pbIBa
¢ nomoiplo GPS-npueMHUKOB OOHApYy>KEHbI KBa3UIEPUOANUYECKHE BOJTHOBBIC
BosmymeHuss (BB) ¢ v = 670 — 690 m/c, miurenbHocThio 40 — 60 MUH U
nepuogoM 10 — 20 wMwuH. OtTHOcuTenbHass amiuutyga BB momHoro
AJIEKTPOHHOTO COACPKaHUS B HAKJIOHHOM cToJiOe Obuta mopsijka 10 — 20 %.

VYcraHoBneHo, u4to Tnpoier YensOMHCKOro Tejla  CONPOBOXKIAJICS
BapUalUsIMU TOPU30HTAJIBHOM KOMIIOHEHTHI T'€OMarHUTHOro mnosis. Bapuanmu
HOCWIM KBasurepuoanueckuii xapakrep ¢ 7' = 30 — 40 mMuH, amMmuTynou
B ~ 05 — 2 ®HTn g R = 2700 — 1200 KM COOTBETCTBEHHO WU
MPOJOJDKUTENBHOCThIO 2 — 3 wyaca, v =~ 260 — 370 wm/c. Ilpennoxxena
TeOpeThyecKas Mojeib reoMarHutHoro sdd@ekxra. BB reomarnutHoro mnoss
BbI3BaHbI aBmkeHueM AI'B Ha BpicoTtax 100 — 150 kM. PacuetrHnle 3HaueHUS
B~0.6—-1.8uTn i R~=2700— 1200 kKM COOTBETCTBEHHO.
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INTERFEROMETRIC RADAR IMAGING ON SVALBARD
V. Belyey 1, N. Schlatter 2, C. La Hoz 1, U. P. Lovhaug 1, A. Brekke'
[Universily of Tromso
N-9037, Tromsa, Norway
vasyl.belyey@uit.no
’KTH Royal Institute of Technology
SE-100 44, Stockholm, Sweden

Interferometric observations at EISCAT Svalbard radar (ESR) were
conducted since 2002. The 32-m and 42-m antenna dishes were used forming a
single-baseline interferometer. Even such simplest antenna configuration
observations have led to new scientific results [1]. EASI (ESR Aperture
Synthesis Imaging) project is an extension of the one-baseline interferometer. It
is a result of combined efforts of the Universities of Tromsg (Norway),
Southampton (UK), and Royal Institute of Technology of Stockholm (Sweden).
The project is aimed at complementing the existing radar transmitter/receivers at
the ESR with several (3-4) smaller receiving antennas to create an
interferometer for ionospheric radar imaging. Among possible ionospheric
targets that could be subject to radar imaging are

o Electron density enhancements inside aurora;

Naturally Enhanced Ion-Acoustic Lines (NEIAL);

Polar Mesospheric Summer- and Winter Echoes (PMSE/PMWE);

Plasma structures induced by artificial electron heating;

Meteors;

Space debris;

Atmospheric waves and turbulence.

Since 2010 test measurements and experimental campaigns were conducted

using the three EASI antennas installed at the ESR site. Some preliminary results

of the campaigns (mainly based on observations of satellites passing above the

ESR site [2]) are presented in this talk.

References

1. T. Grydeland, E.M. Blixt, U.P. Levhaug, T. Hagfors, C.LaHoz, and
T.S. Trondsen, “Interferometric radar observations of filamented structures due
to plasma instabilities and their relation to dynamic auroral rays”, Annales
Geophysicae, Vol. 22, pp. 1115 -1132, 2004.

2. N.M. Schlatter, B.C. Goodbody, T. Grydeland, N. Ivchenko, B.J Gustavsson,
V. Belyey, B.S. Lanchester. Aperture Synthesis Imaging at the EISCAT
Svalbard radar. EGU General Assembly 2012.
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A COMPARISON OF THE IRI MODEL AT HIGH LATITUDES WITH
MEASUREMENTS FROM THE EISCAT SVALBARD RADAR OVER A

SOLAR CYCLE
L. M. Bjoland, V. Belyey, U. P. Levhaug, C. La Hoz
Department of Physics and Technology, University of Tromso
N-9037 Tromsa, Norway
lindis.m.bjoland@uit.no

Incoherent scatter radar measurements are an important source for studies
of ionospheric plasma parameters. Data from the EISCAT Svalbard radar (ESR),
which covers the polar cap and cusp, can be used to obtain information about the
electron density, electron- and ion temperature, and line-of-sight plasma velocity
from an altitude of about 50 and up to 1600 kilometers. As the ESR started
operations in 1996, the accumulated database up to 2012 covers 16 years, giving
a unique overview of the ionosphere over Svalbard during more than one solar
cycle.

An important application of the ESR long-term database is to evaluate
ionospheric models such as the International Reference Ionosphere (IRI) model.
IRI is a global empirical model widely used in space weather related activities.
The IRI model is based on measurements from several data sources including
ionosondes, incoherent scatter radars, topside sounders and in situ instruments
on satellites and rockets. The model is improved as new data become available.
IRI provides monthly averages of electron density and temperature and ion
temperature and composition from an altitude of 50 to 2000 km.

We have compared the electron density data from the ESR with the
predicted electron density from the IRI model. Our results show that the IRI
model in general fits the ESR data well. However, the model seems to
underestimate the electron density at lower altitudes, particularly during winter
months. Towards solar minimum the model begins to be less accurate also at
higher altitudes. This comparison between ESR data and the IRI model serves
two important purposes: to validate the IRI model at high latitudes and to
improve the IRI model by assimilation of the ESR data set.
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FLAMING AURORAL RAYS
AND NATURALLY ENHANCED ION ACOUSTIC LINES

B. Gustavsson
The Swedish Institute of Space Physics
S-981, 28 Kiruna, Sweden
bjorn.gustavsson(@irf.se

Flaming auroral rays Naturally Enhanced Ion Acoustic Lines (NEIALs)
and are short-lived, ~0.2-1 s duration, dynamical phenomena aligned with the
magnetic field seen close to magnetic zenith with optical and incoherent scatter
radar observations.

In this study we present analysis of optical observations flaming rays and
NEIALs. Both white-light and multi-monochromatic optical observations will
be presented. Spectra imaging was made with narrow-band interference filters
for the 7774 A emission from atomic Oxygen and 6730 A emissions from
molecular Nitrogen, and operated at 32 frames/s imaging a 6 by 6 degrees field-
of-view around magnetic zenith.

From such image data it is possible to extract the intensity variation along
the altitude extent of the ray in the 7774 and 6730 emissions. From the altitude
variation of the emissions we estimate the energy spectra of the electron
precipitation and its variation with time. The estimated electron spectra are
characterized and compared to theoretical models for flaming auroral rays.

Incoherent Scatter Radar observations with multiple receive antennas
cross-spectra can be estimated, these can be used to determine the angle-of-
arrival and horizontal motion of strong back-scattering targets. In this report we
use the 32-m and 42-m EISCAT Svalbard radar antennas and the additional
EASI receivers to determine the foot-point of the NEIAL-structures.

Comparison between the optical and radar results will be presented.
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AUTOMATIC ALGORITHM OF Ne PROFILE RESTORATION
FOR SOLAR ACTIVITY MINIMUM PERIOD
S. S. Alsatkin, O. 1. Berngardt, A. V. Medvedev, B. G. Shpynev,
K. G. Ratovsky, A. L. Voronov
Institute of Solar-Terrestrial Physics SB RAS

Irkutsk, Russia

alss@iszf.irk.ru
We develop the automatic algorithm of electron concentration profile
restoration on the base of approximation by model Chapman functions. The
calculation of Chapman functions parameters is carried out with a help of
iterative scheme based on finding the discrepancy functional minimum. The
obtained results are in good accordance with experimental data and program

functioning has no need in human interference.
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INVESTIGETION OF THE IONOSPHERIC ALFVEN RESONATOR
CHARACTERISTICS USING DATA OF OBSERVATION IN

ANTARCTICA AND EURASIA
N. A. Baru', A .V. Koloskov', Yu. M. Yampolskiy', R. A. Rahmatullin®
'Institute of Radio Astronomy, NAS of Ukraine, Kharkov
4, Krasnoznamennaya st., Kharkov, 61002, Ukraine
*Institute of Solar-Terrestrial Physics of RAS, Siberian branch
126-a, Lermontova Str., Irkutsk, 664033, Russia
baru@rian.kharkov.ua

Data of monitoring of the geomagnetic field at ULF-ELF frequencies
were used for studying of the characteristics of the Ionospheric Alfven
Resonator (IAR). The observations are carried out by the authors in Antarctica
at the Ukrainian Antarctic Station (65°15'S., 64°16' W), in Ukraine at the Low
Frequency Observatory of IRA NASU (49°56' N, 36°57' E) and in Siberia at the
Sayansk Sun Observatory Mondy (51°37'N, 100°55'E). Monitoring is
performed by identical magnetometers which record variations of the horizontal
components of the geomagnetic field in absolute units. The seasonal and diurnal
dependences of the IAR parameters were analyzed for one year period. This
made it possible to determine the following regularities in the parameter
behavior. First, the occurrence probability of the spectral resonance structure
shows the maximum during the late autumn and winter. Second, the diurnal
maximum in the probability of occurrence of the resonance lines corresponds to
the local midnight while the minimum to the local midday. The IAR parameters
were cross-correlated with the ionospheric characteristics. It has been shown
reliably that frequency separation between adjacent spectral maxima is
dependent on the critical frequency of the F2 layer. This has allowed to the
authors to develop a technique for estimating this parameter of the ionosphere
[1]. The high-frequency (up to 40 Hz) modes of the IAR were detected. As a
rule, the spectral structures like these are formed under quiet ionospheric and
geomagnetic conditions. A comparative analysis of the registration time
intervals of these modes was made for all the observation sites. The “splitting”
of IAR maxima into two “satellites” was first detected. The effect is observed
during the late autumn and winter. The “splitting” occurs more frequently for
the second-order resonance mode. Another feature shown by the IAR is
quasiperiodic fluctuations of its eigenfrequencies with the characteristic period
about several hours, which effect is apparently associated with passage of
traveling ionospheric disturbances above the observation sites.

Literature

1. A.V.Koloskov, N.A. Baru. F-layer critical frequency determination
from lonospheric Alfven resonance observations. Ukrainian Antarctic Journal,
2011/2012, Ne 10-11, p. 114-120 (in Russian).
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METHODS AND RESULTS OF THE LOWER IONOSPHERE
DIAGNOSTICS ON THE BASE OF THE POWERFUL RADIO

EMISSION EFFECT OF THE «SURA» HEATING FACILITY
N. V. Bakhmetieva, V. D. Vyakhirev, E. E. Kalinina, V. L. Frolov
Radiophysical Research Institute
Bolshaya Pecherskaya Str., 25/12a, Nizhniy Novgorod, Russia
nv_bakhm@nirfi.sci-nnov.ru

We describe some methods and present new results of the lower
ionosphere soundings on the base of “heating” experiments at the “Sura”
facility.

1. The Method of the Resonance Scattering of the radio waves from
artificial periodic inhomogeneities (API) of the ionospheric plasma made it
possible to measure main neutral and plasma parameters of the Earth
atmosphere. They are profiles of the electron density from the lower D-region
up to the F-layer maximum; densities of the main metallic ions in sporadic-E
layers; regular vertical velocities in the D- and E-regions of the ionosphere;
turbulent velocities and the turbopause height; the neutral temperature and the
density at the E-region heights; parameters of internal gravity waves and their
spectral characteristics; parameters of the irregular structure of the lower
ionosphere including the stratification of the regular E-layer; the relative
concentration of the negative oxygen ions in the D-region. The API studies are
based upon an observation of the Bragg backscattering of probe radio waves
from the artificial periodic structure created by powerful HF radio waves.

2. The Method of the Partial Reflection based upon the radio wave
scattering from natural inhomogeneities of the ionospheric D-region lets
measure the profile of the electron density at the height region of 60—90 km, the
regular motion velocity and the turbulence intensity.

3. Using the Method of the Vertical Sounding of the ionosphere disturbed
volume modified by powerful HF radio waves, we study disturbances of the
electron temperature and the electron density of the D and E regions caused by
the ionosphere heating and a response of the sporadic-E layer to the ionosphere
modification powerful HF radio waves.

4. The Method of the Oblique-Backscatter Sounding from artificial
anisotropic irregularities of the ionospheric plasma allowed us to measure their
parameters with transverse scale of the irregularities of 50-150 m and to
investigate their dynamics. Simultaneous vertical and oblique sounding of the
disturbed ionosphere volume let study mechanisms of the propagation of the
artificial disturbances from the region of the resonance interaction of the pump
wave and the ionospheric plasma to lower altitudes in the E-region.

We present some results obtained recently by these methods. The “Sura” heating
facility was used for creation of the disturbed region in the ionosphere.

The work was supported by the Russian Foundation of Basic Research
(project Nos. 13-02-97067 and 13-05-00511)
and the Russian Government (contract No. 14.518.11.7056).
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BOJIHOBBIE IMTPOLECCHI B MOHOC®EPE B TEYEHUME

MAI'HUTHBIX BYPH B IHBAPE 2010 r. U ABI'YCTE 2011 r.

B. II. Bypmaka', JI. ®. IIepﬂoropl’2
' nemumym uonocpepor HAH u MOH Yipauno
ya. Kpacnosnamennas, 16, 2. Xapvkos, Ykpauna
viktor burmaka@ukr.net
2XapbK060KuL7 HayuoHanvHwulu yHueepcumem umenu B. H. Kapasuna
ni. Ceo600wi, 4, 2. Xapvkos, Ykpauna
Leonid.F.Chernogor@univer.kharkov.ua

Marunutnas Oypss (MbB) naGmonanace ¢ 20 na 21 suBaps 2010 r. mo
3HAQYEHUSIM MapaMeTPOB KOCMHMYECKOM IIOroJbl €€ MOXHO OTHECTH K
yMEpEeHHBIM, uHAekc K, He mnpesbiman 4. V3mepenus Ha pagape
HEKOT'epEeHTHOro paccesinud MHcTuTyTa noHocdepsl Obutn mpoBeaeHsl ¢ 20 mo
22 guBaps 2010 1.

AMIUTUTYIBI BOTHOBBIX Bo3MylleHul (BB) anekTpoHHON KOHUEHTpanuu
0, BO Bpems riaBHOM ()a3el Mb Obuln mpuMepHO B J1Ba pa3a MEHBIIE, YEM B
npyrue nau. 20 sHBaps npeobnagano BB ¢ mepuogom okono 60 mMun, a 21 u
22 auBaps — ¢ nepuonom okono 120 4. Bo Bce 1HM MaKCHMaJlbHbIE 3HAYCHHSA O,
HaOmoaanuch Ha BbicoTax 200 — 250 kM. OtHocutenbHble amIuMTyAsl BB
ANIEKTPOHHON KOHLEHTpAaIMU Oy B THEBHOE BpeMsl UMEJH 3HaueHus okoiio 10 %
20 u 21 suBaps u 15 — 20 % 22 sauBaps. B Hounoe Bpemsi 20 siHBaps Oy
nocturanu 40 %, a 21 suaBaps — 30 %.

Mb 5 — 6 aBrycra 2011 r. MOKHO OTHECTH K CBEPXCHIIBHBIM HHIEKC K,
nocturan 8. M3mepeHuss Ha pajape HEKOIEpPEeHTHOro paccessHus HHcTtuTyTa
noHocdepsl ObLTH TIpoBeieHbI ¢ 3 1o § aBrycta 2011 r.

3 asrycta B jgHeBHOoe Bpemsi BB Obuin Bbipakensl ciabo. Peskoe
yBEIMYEHHE O, M Oy HMEJIO MECTO BO BPEMsS [BHKCHHSA COJHEYHOIO
TepMHHATOpa. 4 U 5 aBrycra ypoBeHb Bapualui 8, U Oy B THEBHOE M HOYHOE
BpeMs 3aMeTHO BbIpoc. MoHocdepHast Oypst mpuBesia K yMEHbIIEHUIO 3HAYCHU
04, @ TaKKe K HM3MEHEHMIO CIIEKTPaJbHOIO cocTaBa O, M Oy. Bo Bce cyTkm
HauOONBIIME BapUalnu O, U Oy OTMeYanuch Ha BeicoTax 200 — 310 kM.
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THE TECHNIQUE OF MID-LATITUDE COHERENT ECHO OBLIQUE
PROFILE PROCESSING
K. V. Grkovich, O. 1. Berngardt
Institute of Solar-Terrstrial Physics SB RAS
Irkutsk, Russia
grkovich@jiszf.irk.ru

Some of Irkutsk Incoherent Scatter (IS) radar power profiles demonstrate
signatures of smooth-shaped powerful signals. These profiles occur during
strong magnetic storms and can last continuously for hours. This study proves
these profiles to contain information about scattering irregularities that cause
coherent echo. We also present a technique for calculating parameters of these
scattering irregularities. The developed method uses data of Irkutsk Incoherent
Scatter radar. The technique is shown to have necessary accuracy (height and
thickness resolution is about 2.5 km, aspect sensitivity resolution is 5dB/degree).
We also present the results of Irkutsk IS radar data processing. The processed
data was obtained during September 25-26, 1998, and July 15-16, 2000
magnetic storms. High temporal resolution of the data allowed us to observe
temporal variations of the irregularities layer parameters. The data processing
shows the average thickness and height of the layer to agree well with data
obtained by other investigators. The average layer height is 110-120km, the
average layer thickness is 5km, the average aspect sensitivity is 15dB/degree.
The temporal variations of the aspect sensitivity are observed by us for the first
time and require additional studying.
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IPPDEKTBHI PACCEAHUSA BU CUT'HAJIOB HA IIVIASMEHHBIX

HEOJHOPOJHOCTSAX NOJISAPHBIX OBAJIOB

A. B. 3aau3zoBckumii, C. b. Kamees, U. U. IIukyauk, A. A. Conun, FO. M. SIMnoabckuid
Paouoacmponomuueckuit uncmumym HAH Yxpaunol
Ykpauna, Xapvros, yn. Kpacnosnamennas, 4
zaliz@rian.kharkov.ua

ITocnennune pecarunetus B PU HAHY pa3BuBaercss KOHUENIUS
UCIIOJb30BaHUS yKE CYIIECTBYIOLIErO0 B MPUPOAE U3IYUEHUS ISl JUATHOCTUKH
COCTOSIHUSL OKpYyXarouied cpeabl. B aTux nensix BechMa yZA0OHO MCIOJIB30BATh
paAMoOCUTHANBl CTAHUUMUA CIYKObl TOYHOTO BPEMEHHU, IMOCKOJIIBKY OHH
MaKCUMaJlbHO JETepMHHHpPOBaHbl. B  HacTosmieil paboTe MNpUBEICHBI
pe3yNbTaThl 30HAUPOBAHMUS HMOHOC(hEpPHl CHUTHajgamMu paauoctaHiuii PBM
(MockBa, Poccusi), mw CHU (OrraBa, Kananga). IlpuemHble MTyHKTBI
pacrionarajiuch Ha YKpanHckod aHTapkrudeckod ctaHuuu (YAC) «AkageMuk
Bepnanckuii» u Ha Paanoactponomuueckoit ooceparopun (PAO) PUHAHY
uM. bpayne (XapbkoBckasi obnacts). [IpuBeaeHsl pe3ynbTaTsl CHEKTPATBLHON U
BPEMEHHOM CEJIEKIMH IyTEHd pPACHPOCTPAHEHUS CUTHAJIOB Ha CBEPXIAJIBHUX
pPaguONIMHUAX C NpUeMHBIM NyHKTOM Ha YAC. BelaeneHsl CHEKTpaJIbHbIC
KOMITIOHEHTBI, PACIpOCTPAHSAIOMIMECS IyTeM paccesHus Ha HOHOC(EepHbIX
HEOJTHOPOAHOCTAX MOJISIpHBIX OoBalioB. CpaBHenue manubix 2010 u 2011 romos
NnoKa3blBaeT  ycujeHue  3(PPexkroB  paccesHMss ~ HAa  HMOHOC(EpHBIX
HEOJTHOPOAHOCTAX MOJIIPHBIX OBAJOB HAa CBEPXIAJbHUX paguonuHusx B 2011

roay.

Takxke NpUBENCHBI PE3YJIbTAThl U3MEPEHUM IApaMETPOB HMITYJIbCHBIX
curHasioB ctaniiuu PBM, npunsateix Ha PAO, KoTOpble pacnpOCTPaHsUIMCh Ha
yactorax Beimie MIIY ans npsiMoit Tpaccel. B IpUHATOM HAa HEHANPaBICHHYIO
AHTEHHY MHOT'OMOJIOBOM CHUTHAJIE MCCIIEIOBAHbI JOTUJIEPOBCKUE CABUIH YACTOThI
Y BpEMEHA I'PYIIOBOTO 3aMa3/IbIBAHUSA OTJIEJIbHBIX COCTABIAIOMMX. C MOMOIIBIO
BBICOKOHAIIPABJICHHOM AaHTEHHbl HW3MEPEHbl a3UMYTAJbHBIE 3aBUCUMOCTH
NPUHATOWM  MOIIHOCTM  curHana. [lokazaHo, d4YrOo  pacnpoCTpaHEHHE
DJICKTPOMATHUTHOM SHEPIUU MEXKAY MNPUEMHBIM W MEPEHAIOIIUM ITyHKTAMU
MPOUCXOJUT TI0 HECKOJBKMM Pa3JIMYHbIM TpaccaM, KOTOPBIE OTINYAOTCS
NPOTSHKEHHOCTHIO, TIOJIOKEHUEM B IIPOCTPAHCTBE U BPEMEHEM CYIIECTBOBAHUS.
[IpenyoxxeHo 00BsICHEHHE BPEMEHHU T'PYIMIOBOM 3aepKKHU OTIASIBHBIX MOJIOB U
repuoja ux cymecrsoBaHus. [lokazaHo, 4YTO OCHOBHasg COCTaBISAIOLIAs
MOIIIHOCTA TPUHATOrNO CUTHAJIAa B CIIOKOMHBIX TE€OMATHUTHBIX YCJIOBHAX
ompenesylach CHTHajJaMu AByxno3unuoHHoro BH3 ¢ roro-soctouHoro
HAIpaBJICHUS, @ BO BPEMSI MAarHUTHOTO BO3MYILEHUSA — PACCETHUEM Ha TPAHULEC
IIOJIIPHOIO OBaJa.
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CREATION OF A MULTI-POSITION SYSTEM OF HF DIAGNOSTICS

OF DYNAMIC PROCESSES IN THE POLAR IONOSPHERE

A. V. Koloskov , Y. M. Yampolsky, C. La Hoz, A. Brekke, V. Beley,
S. B. Kascheeyv, 1. 1. Pikulik
Institute of Radio Astronomy of NASU
4, Chervonopraporna Str, Kharkiv, 61002, Ukraine
koloskov@rian.kharkov.ua

The paper presents the construction principles of the system of
ionospheric diagnostics consisting of spaced receiving facilities of the HF
frequency band. At the moment, the system includes seven receivers located at
the KHO Observatory (Norway, Svalbard), Tromse (Norway), Low-Frequency
Observatory of IRA NASU (Kharkov region, Ukraine), Lagos (Nigeria),
Ukrainian Antarctic Station (Antarctica), Irkutsk (ISTP SB RAS, Russia) and
Jicamarca Radio Observatory (Peru). The first four sites are Internet-controllable
and the measured data are available in real time at the web page
http://geospace.com.ua/data.html of the Department of Radiophysics of
Geospace of IRA NASU. The paper describes the hardware and software of the
receiving facilities, as well as the techniques of remote control of the facilities
via Internet, uploading, automatic processing and visual representation of the
observational data. The ionospheric diagnostic is based on the Doppler method
which implies monitoring the spectra of probe signals reflected from the
ionospheric layer. Interaction with time-varying ionospheric plasma leads to
changes in the signal frequency known as the Doppler frequency shift (DFS). By
analyzing the DFS and signal intensity variations it proves possible in some
cases to identify the mechanism of interaction of the probe signals with the near-
Earth plasma inhomogeneities and perform reconstruction of the model
ionospheric parameters. Broadcasting radios and special transmitters, including
HF heating facilities, are used as sources of the probe signals. It should be noted
that HF heater pump waves can themselves generate ionospheric irregularities
which effect is observed, for example, in the case of the “self-scattering
effect” [1]. The system is also used for studying the characteristics of wavelike
processes at ionospheric heights, changes in the near-Earth plasma environment
during solar eclipses and other ionospheric perturbations.

Literature
1. A.V. Zalizovski, S.B. Kascheev, Y.M. Yampolsky, V.G. Galushko,
V. Beley, B. Isham, M.T. Rietveld, C. La Hoz, A. Brekke,

N.F. Blagoveshchenskaya, and V.A. Kornienko. Self-scattering of a powerful
HF radio wave on stimulated ionospheric turbulence. — Radio Science, 2009,
v. 44, RS3010, doi:10.1029/2008RS004111.
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BEHAVIOR OF LIGHT IONS OVER KHARKIV:
THE RESULTS OF OBSERVATION

USING INCOHERENT SCATTER TECHNIQUE
D. V. Kotov
Institute of lonosphere of NAS and MES of Ukraine
16, Chervonopraporna str., Kharkiv, 61002, Ukraine
dmitrykotoffl@gmail.com

The features of altitude and temporal daily and seasonal variations in H"
ions concentrations in the topside ionosphere over Ukraine for the full cycle of
solar activity (the years of 2000 —2012) obtained using Kharkiv IS radar are
presented.

It is found, that this variations in many cases differ significantly from
variations, providing the International Reference lonosphere-2012 model (TTS
and Danilov-Yaichnikov models).

For the first time, the variations in concentration and fraction of He" ions
are obtained using Kharkiv IS radar. This variation are compared with the
variations obtained using the Arecibo and Jicamarca radars. The significant
quantitative and qualitative differences in variations of the N[He'] and N[He /N
parameters according to all three radars data are found and explained.

For the first time, in the mid-latitudes altitude and temporal regions with
significantly He" concentration depletion were observed using incoherent scatter
technique. The most interesting event was observed in the night from 16 to 17
October 2001. For this night the high electron temperature values (reaching the
daily values) was registered in the time and at the altitudes corresponding the
He" concentration depletion (up to two orders of magnitude) region (at the
altitude of about 950 km and from about 20:00 LT to 04:00 LT). It appears that
the most probable cause of this phenomenon was the presence of equatorial
plasma bubbles at the appropriate time at the altitude of one Earth radius above
the geomagnetic equator.
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DYNAMIC AND THERMAL PROCESSES IN THE GEOSPACE

PLASMA DURING AUGUST 5-6,2011 MAGNETIC STORM
M. V. Lyashenko
Institute of lonosphere of NAS and MES of Ukraine
16, Chervonopraporna str., Kharkiv, 61002, Ukraine
mlyashenko@ya.ru

The modeling results of dynamic and thermal process parameter
variations in geospace over Ukraine during August 5 — 6, 2011 magnetic storm
are presented. The sudden commencement of the magnetic storm took place on
August 5, 2011 at 19:03 UT. The maximum deviation of Dy-index was —113 nT,
the planetary Kp-index value was 8—, auroral activity index AE.x = 1741 nT.

The experimental data (N, T,, T;, V) obtained by the Kharkov incoherent
scatter radar were used for the simulation of the dynamic and thermal process
parameters.

Calculations of the plasma transfer velocity due to ambipolar diffusion
were carried out. It was found that at the time of the magnetic storm main phase
there was an increase an increase of the downward velocity v, to the values —22,
—50 and —150 m/s at the altitudes 250, 300 and 350 km, respectively.

The results of the zonal electric field value assessment in quiet conditions
and during a magnetic storm were presented. The calculations show that during
the magnetic storm main phase value E), reached values of —17 mV/m. In quiet
conditions the magnitude of the zonal component of the electric field did not
exceed -5 mV/m.

The calculations of the plasma transport velocity vertical component due
to electromagnetic drift were carried out. In the magnetic storm main phase the
vegp velocity reached values 430 m/s, whereas in quiet conditions plasma
transport due to electromagnetic drift is almost absent.

Simulation of the variation of the neutral wind velocity meridional
component during magnetic storms over the Ukraine was carried out.
Calculations shows that the highest velocity of v,, occurred in the altitude range
200 — 300 km and reached a value of =500 m/s. In quiet conditions, the velocity
of v,, varies from —60 to —120 m/s in this altitude range.

During the main phase of the magnetic storm (August 6, 2011) occurred
decrease in the energy value transferred to the electron gas by 15 — 27% and
increase in the heat flux density carried by electrons from the plasmasphere into
the ionosphere by 25 — 76% in the altitude range 200 — 300 km.

It is shown that the effects of the magnetic storm on August 5 — 6, 2011
quite clearly manifested in the variations of the dynamic and thermal processes
in the geospace plasma over Ukraine.
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CTATUCTUYECKHUE XAPAKTEPUCTUKH TYJIbCAIIUIA
KJIACCA PC-1 B PETHOHE AHTAPKTHYECKOI'O IIOJIYOCTPOBA

A. B. I1aznyxos, A. B. KoaockoB, A. B. 3aauzoBcknii, 0. M. SIMmouabckui
Paouoacmponomuueckuit uncmumym HAH Yxpaunol
Ykpauna, Xapvros, yn. Kpacnosnamennas, 4
paznukhov@rian.kharkov.ua

B mocnegHee BpeMs HCCIENOBaHUE MPOLECCOB, IPOUCXOIAIINX B
OJIYKHEM KOCMOCE, NpHUBJICKAaeT Bce OoJblllee BHUMAHHE YYEHBIX. OITO
00yCJIOBJIEHO B TIEPBYIO OYepe/ib OYpHBIM Pa3BUTHEM KOCMUYECKUX TEXHOJIOTUI
u Bce Ooublliel 3aBUCUMOCTBIO 3€MHOW LMBWIM3AIUMU OT HHUX. OOHUM U3
[IapaMeTpOB OKOJIO3EMHOTO MPOCTPAHCTBA, H3MEPSAEMOM Ha TIOBEPXHOCTH
3emiu, SBISIOTCS BapyUallM MAarHUTHOTO MOJIS, IPOSBIISIOINECS, B YACTHOCTH,
B BUJE TreoMarHUTHbIX MuKpomyiscauuii (I'MII). Wx nosBienwue,
MOJISIPU3aLIMOHHBIE, YaCTOTHO-BPEMEHHBIE " MIPOCTPAHCTBEHHBIE
XapaKTepPUCTUKU 3aBUCAT OT COCTOSIHUSI HMOHOC(Epbl, MarHuTocepsl Hu
COJIHEYHON aKTUBHOCTH. B pamkax roToBsIIErocs poCCUKWCKOTO CIIyTHHUKOBOIO
npoekta «Pe3zonanc» corpyauukamu P HAHY npennonaraercst HCIIoiIb30BaTh
MUKponyJibcallud kinacca Pc-1 s HazeMHO-KOCMUYECKOW HMHTEphEepOMETpUU
MarHuTocepsl. ITa 3amada TpeOyeT MPOBENEHUS PETPOCHEKTUBHOIO aHAIU3a
JAaHHBIX HA3€MHBIX MAarHUTOMETPUYECKUX HAONIOACHUM i1 yCTaHOBJICHMS
3aKOHOMEPHOCTEH MX TOSBICHUS B 3aBUCHUMOCTH OT BO3MYLIEHHOCTH
MarauTHoro nojs 3emiu (MII3).

B nmanHoit  paboTre  HcclieOBaHbl — XapaKTEpUCTUKH  Haumbolee
BBICOKOYACTOTHBIX MHKpOMyJibcalui, kinacca Pc-1, peructpupyembix B
nuanasone ot 0,2 nmo 5 I'm. PamgmoactpoHommueckum uHctutyryTom HAH
VYkpaunel  yxke  Oomee 10 mer  mpoBOIATCS ~ CHCTEMATUYECKHUE
MarHATOMETPUYECKHE M3MEPEHHsT B OTOM JUAIla30HE Ha YKPAaWMHCKOU
AHTApKTHUYECKON cTaHUMHU «AKageMuk BepHanckuit». CienyeT OTMETUTH, 4TO
AHTAPKTHUYECKU  PETMOH  ABJISIETCS  YHUKAJIBHBIM, IIOCKOJBKY  37€ECh
MIPAKTUYECKU OTCYTCTBYIOT MECTHBIE DJIIEKTPOMArHUTHBIE IIOMEXH, CBSI3aHHBIE C
YeJIOBEYECKOMN AESATENbHOCTH, a TAKXKE TOMEXU OT OJMKHUX I'PO3.

ABTOpaMu pazpaboTaH aaropuT™M oOHApPYKEHUSI MUKPOIYJIbCALMH Kilacca
Pc-1, Tak Has3piBaeMbIX <oKeMuykuH». Ha ocHoBe 5-netHero maccuBa YHY —
CHY naHHBIX, TIOJIYYEHHBIX Ha CcTaHUUMU «AkanemMuk BepHanckuii»,
BOCCTAHOBJIEHBI CYTOYHBIE U CE30HHBIE PACIPENEICHUS] YacCTOThI IOSIBICHUS
I'MII. YcraHoBneHa 3HaUUTENbHAS MEKI0/10BAsI U3MEHUYNBOCTh BOSHUKHOBEHUS
MyJIbCAllMi, XOPOILIO KOppenupyrouias ¢ TIOBEJACHUEM IUIAHETAPHOTO
Ap-unzaekca, xapakrepusyroniero Bo3myiueHus MII3. IIpoananu3upoBaHsl
CIIEKTPAJIbHBIE XapaKTEPUCTUKH UCCIIETYEMBIX MYyJIbCAIUN.
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WAVE DISTURBANCES IN THE IONOSPHERE OVER KHARKIYV,

UKRAINE, ACCOMPANYING EISCAT HEATER EXPERIMENTS
S. V. Panasenko
Institute of lonosphere of NAS and MES of Ukraine
16, Chervonopraporna str., Kharkiv, 61002, Ukraine
Sergii. V. Panasenko@gmail.com

The 1onospheric modification by high power HF radio waves is a kind of
the active experiments conducted regularly after the putting in use the
ionospheric heating facilities in USA, Norway, Russia (former USSR), etc.
Large scale disturbances during heating experiments have been detected at the
distances of the order of 1000 km, along with local effects. They appear in the F
region as traveling ionospheric disturbances (TIDs) related to generation and
propagation of acoustic-gravity waves (AGWs) in the upper atmosphere. Such
disturbances were determined to be strongly depending on space weather
conditions, the time of day, season of the year, the mode of the heating facility
operation, etc. Since the parameters of artificially induced TIDs yield values to
be less or of the order of those caused by natural sources, long-term, regular
measurements are needed to identify these TIDs and estimate their parameters
during different space weather conditions.

In 2012 a coordinated experimental campaign has been conducted.
Facilities employed in it included EISCAT Heater, Dynasonde and incoherent
scatter (IS) radar, located near Tromse, Norway as well as IS radar and
ionosonde, located near Kharkiv, Ukraine. The experiments have been done at
the morning hours (05:00 — 11:00 UT) on November 22 — 24. The ionospheric
heater transmitted radio waves having a frequency from 4.04 to 7.10 MHz. Its
operating modes were 9 min on, 6 min off and 15 min on (continuously or
+ 2 min square wave modulation), 15 min off. The effective radiated power
increased from 140 to 850 MW being dependent on pump frequency and
antenna array. Antenna beam was directed to magnetic zenith.

The diagnostics of ionospheric plasma has been performed by Kharkiv IS
radar being at the distance of about 2400 km. We have detected the TIDs over
Kharkiv with periods of 40 — 80 min and occurred in the time range between
08:00 and 10:00 UT on November 22 and between 09:30 and 11:00 on
November 23. The duration of these disturbances has not exceeded 120 — 180
min. The relative amplitudes of the TIDs in electron density ranged from 0.05 to
0.15 and those in electron and ion temperatures were about 0.02 — 0.05.

The possible mechanisms for the generation of AGWs and TIDs by high
power HF radio waves are sharp thermal gradients at the edge of the heated
region and modulation of the ionospheric current systems by periodic high
power radio transmission.
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HEJEJBHBIE BAPUAIIMU XAPAKTEPUCTHUK OKPYXKAIOIIEN
CPEJIbI KAK ITPOSIBJIEHUE TEXHOTEHHOM AKTUBHOCTH

A. B. Couna, A. B. Ilazuyxos, 10. M. Simnoasckuii, E. M. 3anuMonckuii
Paouoacmponomuueckuit uncmumym HAH Yxpaunol
2. Xapvkos, yn. Axademuxa Ilpockypul, 12
aditu@rian.kharkov.ua

JleATeNbHOCTh YEJIOBEUECTBA 3a IMOCIEAHEE CTOJIETHE OKa3ajda OrPOMHOE
BIUSIHUE Ha Tipupoay 3emin. M3aMenuncs coctaB atMocdepsl, MOSIBUIUCH HOBBIE
BU/JIBI 3arPSA3HEHNN — XUMHUYECKOE, TEIUIOBOE, paIMAllMOHHOE U T. 1. Kpome Toro
OBLJIO OOHAPYKEHO MOJAYMHEHHE HEKOTOPBIX MapaMeTpOB OKpYyKarouled cpeibl
Cyryoo COlMaIbHOM, CEMHUJIHEBHOM IUKIMYHOCTH. B koHile XX Beka ObUIH
OIMyOJIMKOBaHbI TEpBbIe PAOOThl OMUCHIBAIOLIME PETHOHANIbHBIE W3MEHEHUS
KJIUMaTa CBS3aHHBIE C HEAEIbHBIMH BapHalWsMH, a 3a MOCIEAYIOIIUE JBa
JecsTUIeTHe JaHHBIM 3d@ext, noayuuBmuil Ha3BaHue «I(PPEKT BBIXOAHOTO
aas» (OBJ]), ObUT 3aMedeH U B APYruX YroJikax 3€MHOTI'O I1apa, B TOM YKCJIE Ha
TEPPUTOPHUSX HE MOJBEPKEHHBIX MHTEHCUBHOM TEXHOT€HHOM HArpy3Ke.

HaubGonee uerko OBJl mnposiBisiercs B TOBEINCHHM XapaKTEPUCTUK
aTMoc(epbl, MOTOMY aBTOpaMH ObUI MPOBEIEH MOMCK HEAEIBbHOIO IUKIA B
OTKJIOHEHUM CpEeNHEl TemIepaTypbl BO3ayXa Haja EBpomnoil, Kak KpyHmHOTO
UHIYCTPUATBHOTO IIEHTpa, W OKBAaTOpUaIbHOW AQpHUKOIl, Kak pEerdoHa c
MUHHUMAJIbBHOM TEXHOTE€HHON HATrPY3KOM.

Kpome toro Obl1 ocymiecTBieH OpUruHaibHbI mouck DBJ[ B ypoBHe
riobanbHOM  Tpo3oBoM akTtuBHOCTH 3a 2007-2012 rr. OOHapyXeHHbIE
HEJeJIbHbIE  BapualMu  cpeaHecyToyHo  momHocth CHY  curnanos,
MOPOKAAEMBIX MUPOBOW TPO30BOM aKTUBHOCTBIO, 3a BECh MHOT'OJIETHUM NIEPUOA
HAOJIOZICHUM, OKa3aluCh  HECKOJIbKO  BBIIIE  YPOBHA  CTaTUCTHYECKOM
MOTPEIIHOCTH.

OnHako, HECMOTpsT Ha BCE IMPOBOAUMBIE MCCIEAOBAHUSA, BOIPOC O
r1o0ansHOM xapakTepe d(h@exra BEIXOTHOTO JHS BCE €IIe OCTAETCS OTKPHITHIM.
B kawectBe mapamerpa OTpaxaromiero OOUIETUIAHETApHOE BO3JCHCTBUE
YEJIOBEUECKOW NIEATEIbBHOCTH MOXKET BBICTYNATh HEIEIBHBIM IIUKI B YIJIOBON
CKOpPOCTH BpalleHus 3eMiau. B pesynprare NpOBENEHHOIO CTATHCTHYECKOTO
aHayn3a OblIa BBISIBICHA CEMUIHEBHAS MEPUOJIUYHOCTD B JUIUTEIBHOCTH 3€MHBIX
CYTOK C XOPOIIO BbIPA)KEHHBIM MAKCHUMYMOM B IISITHULLY.

Hamm nanpHeiiiine ycuiids HampaBlIeHbl Ha TOCTPOEHUE (PU3NYECKOM
MOJIENI YKA3aHHOTO SIBJICHUS i1 00OCHOBAaHUSI TEXHOTC€HHOU Mpupoabl dddexra
BBIXOJTHOTO JHS B PA3JIMYHBIX IAPAMETPax OKPYKArOLIEN CpeIbl.
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ESTIMATION OF THE PLASMASPHERE ELECTRON DENSITY AND
O'/H" TRANSITION HEIGHT FROM IRKUTSK INCOHERENT

SCATTER DATA AND GPS TOTAL ELECTRON CONTENT
D. S. Khabituev, B. G. Shpynev
Institute of Solar-Terrestrial Physics

Irkutsk, Russia, Lermontova str., 126
Khabituev@iszf.irk.ru

We suggest the calculation’s plasmasphere and upper ionosphere electron
density technique and transition level O'/H", based on the combination of
Irkutsk Incoherent Scatter Radar (ISR) experimental data and GPS TEC data.
The main idea of the presented technique here is the estimation of difference
between GPS TEC and total content of ionospheric electrons derived from
Irkutsk’s ISR power profiles. As the model we use modified Chapman function
where O'/H" transition level is used as parameters. The data from 1998-2005
years were process on the base of this technique. The investigations of seasonal
and daily variations of transition height O'/H" were performed in different
geomagnetic activity’s period. It is shown that the plasmasphere electron content
can reach 50% to GPS TEC, and the input from plasmasphere can influence on
GPS TEC variations significantly.
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MEXJ/IYYEBASA KPOCCKOPPEJIAIIMOHHASA OBPABOTKA
JJAHHBIX BY HABJIIOJJEHUM NOHOC®EPHBIX MEPIIAHUM

0. B. ‘Iaplcmlal, B.T. Besponm,u?l], b. BOTKI/IHCZ, B.T. Fa.ﬂylmco], 1O. M. SImmosscxmii’
]PaduoacmpOHomuquKud uncmumym HAH Ykpaunol
ya. Kpacnosnamennas, 4, Xapvros, 61002, Ykpauna
charkina@rian.kharkov.ua

2
Ynueepcumem Ansacku
Doupbenxce, CLLA

UccnenoBano  BiausHHE  YpOBHS  (IyKTyalluii  MHTEHCUBHOCTH
KOCMUYECKOTro (JOHA Ha TOYHOCTH OIpE/eNICHUs MapaMeTpOB IHEPTETUUECKOrO
CHEKTpa MEpLAHUA JUCKPETHbIX KocMHueckux uctouHukoB (JKHW) nHa
HEOJHOPOJHOCTSIX  AJIEKTPOHHOM  KOHUEHTpamuu  F—crmos  moHocdepsl.
[Ipennoxkena MeToAMKAa CYIIECTBEHHOTO CHWXEHHUS BKiIaAa (QIyKTyaluit
MHTEHCUBHOCTU TaJAKTUYECKOTO (POHA TpPHU BOCCTAHOBICHHM XapaKTEPUCTUK
nonochepubix mepranui JIKU nmo nanupimM HabmoaeHui 49-t1 1 64-X Ty4eBbIX
PUOMETPUYECKUX KOMILUIEKCOB, paboTatoniux Ha yactote 38.2 MI'l. B kauectse
npuMepa  NpPUBEACHBI  PE3yJNbTaTbl  U3MEPEHUHM,  BBIOJIHEHHBIX  C
UCIIOJIb30BaHUEM 64-X JTy4eBOro YCTPOWCTBA TAaKOrO0 THIA, PACHOJIOKEHHOIO
BOM3M noc. ['akona (Aunsicka, CIIIA).
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STUDY OF IONOSPHERIC DYNAMICS DURING THE SOLAR

ACTIVITY GROWTH PERIOD
A. A. Shcherbakov, A. V. Medvedev, D. S. Kushnarev
Institute of Solar-Terrestrial Physics
Irkutsk, Russia
scherbakov@iszf.irk.ru

The ionosphere is a part of the Sun-Earth system, the physical processes
taking place in it are complex. They are caused by the absorption and
transformation of energy that comes to us from various sources in the external
and internal geosphere, such as solar radiation, solar wind, magnetosphere,
human impact, etc. The main purpose of this work is the experimental study of
the ionospheric plasma dynamics: neutral and ionized components interaction,
neutral wind and plasma drift speeds calculation, their impact on the ionospheric
parameters variation during solar activity growth phase, 2012-2013. Due to the
high solar activity, and thus a higher electron density, we can cover a larger
range of heights in our research, and more accurately measure the drift velocity
of the plasma along the line of sight radar, and calculate diffusion and neutral
winds with greater precision.

Work funds by RFBR, grant Nel2-05-31019 mon_a
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PE3YJBTATHI HOHO30HIOBBIX HABJIIOAEHU
KPYITHOMACHITABHBIX AITEPHOJUYECKHNX BO3MYIIIEHU

B HUWKHE HOHOC®EPE
JI. @. IIepﬂoropl, B. JI. <I)p0.110132, B. B. Bapa6aur’
]Xapbkoecmd HayuoHanvHwull yHueepcumem umenu B. H. Kapasuna
2. Xapvkos, Yxkpauna
? Hayuno-uccnedosamenscxuii paouoQuauueckui uHcmumym
2. Huowcnuii Hoeeopoo, Poccus
 Unemumym wonocgepvr HAH u MOH Yikpaunwl
2. Xapvkos, Yxkpauna

[IpencraBnensl pe3ynabTaThl HAOMIOACHUS HM3MEHEHUW IMapaMeTpoB
noHorpaMM. JlaHHBIE M3MEHEHHS CONPOBOKAAINCH BO3JCHCTBUEM  Ha
noHochepHyO0 TUIa3My MOIIHOrO panuousnydeHus creHna «Cypa». Kak
WHCTPYMEHT HaOJIOJICHUSI HUCIOJIb30BAIMNCh HMOHO30HIBI PA3JIMUHBIX CUCTEM.
Jlns pacmivipeHusi 30HBI HAOMIOJEHUS U ONPENCIICHHS CTENEeHU BIIUSHUS
W3JIY4EHHUs HCTOJIb30BAJIMCh JIaHHBIE HWOHO30HJAOB B Topojax HiukHuii
Hosropon (Poccust), MockBa (Poccust), XapekoB (Ykpauna), u Ilpyxonun
(Yexus). YnaneHue cCpeACTB JUArHOCTUKH OT cTeHna «Cypa» COCTaBisio B
npeaenax ot 560 mo 2200 kM. [Tpu 06padoTke noHOTpaMM co cTaHlMi HukHumit
Hosropon m MockBa B OT/IENBbHBIX CIydasX ObUIM OTMEUEHBI JOMOJHUTEIIbHBIC
ciou uoHm3anuu. Kpurndeckas 4actota 3TUX CiI0€B cocTasisiia 2,6 — 3,4 MI .
Ux peiictBytomas Bbicota Obuta 120 — 160 kM, a HCTUHHAsE — OKOJIO
110 — 130 xm.

Bo3HuKHOBEHHE MOMOJHUTENBHBIX CJIOEB HOHM3anuu Hiwke 100 kM
KOHTPOJIMPOBAIOCH IO YBEJIMYCHHUIO YaCTOTHI fmin. s cranmuum MockBa B
JTHEBHOE BpEMsl dTa 4acTOTa yBeJIMYMBajiach nmpumepHo Ha 1 MI'm, B HOYHOE
BpeMsi OHa TMPaKTHUYECKH HE Wu3MeHsIachk. Menee 3HauuTenbHbIMU (0,3 —
0,4 MI'1) b BapuallUH fmi, BO BCE BpEMEHA CyTOK Ha MOHOTpaMMaxX CTaHIUN
XapbkoB # [Ipyxonu.

VYBeNuueHUe f,in CBUACTEIHCTBOBAJIO O POCTE KOHIICHTPAIIMH DJIEKTPOHOB
N ¥ ToTJIoNIeHUs 30HAUPYIOMNX paaroBoiH. OeHKH yBennyeHus N rmokas3aiu,
YTO OHA yBEJIWUYMBAJIACH B HIDKHEW noHOC]epe B cpeaHeM 1o BbicoTe B 3; 1,4 1
1,3 pa3za mHax nonozongamu B Mockse, XappkoBe U [Ipyxonure.

OddexTel, omucaHHble B paboTe, CKOpee BCEro, CBS3aHBI CO
CPEIHEIIMPOTHBIM BBICHITIAHUEM 3JIEKTPOHOB U3 BHYTPEHHETO PagualliOHHOIO
nosica. 1o ONEHKAaM IUIOTHOCTh MOTOKa wacTHi cocrasmsuza 10° + 107 m2c
VYBenuueHre KOHIEHTPAIMH AJIEKTPOHOB MPU 3TOM B JHEBHOE BPEMS COCTABUIIO
2 — 3 pa3a.
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I®DPEKTHI COTHEYHOI'O TEPMHUHATOPA B CPEJTHEM
NOHOC®EPE: PE3YJIBTATHI JOINVIEPOBCKOI'O

3OHIUPOBAHUSA
A. H. BoBk, JI. ®. YepHorop
Xapvkosckuii hayuonanvHwvll ynueepcumem umenu B. H. Kapasuna
4, nn. Ce0600wi, 2. Xapvros, 61022, Vkpauna,
Leonid.F.Chernogor@univer.kharkov.ua

enp pa®oThl — IKCIEPUMEHTAIBLHOE HCCIEIOBAHUE PEaKLUUU CpeaHei
nonocdeprl (Beicotl 100 — 300 kM) Ha TMNPOXOXKICHHE COJHEUHOTO
TepmuHaTopa. B noknane mpencraBieHbl pe3ysbTaThl UCCIEAOBAHUS CpeaHel
noHoc(epbl  MpU  TMOMOIIM  JIOIUIEPOBCKOIO  pajapa  BEPTUKAIBHOIO
3ouaupoBanus. HaOmronenus BoinosiHeHbl B Pagmodusnueckoit oOcepBaTopuut
XHY umenn B. H. Kapazuna (49°38' c.m., 36°20" B.11.). OCHOBHbIEC [TapaMeTpbI
pajgapa: amana3oH dyactor — | — 24 MI'n, wmnynbCHass MOUIIHOCTH
paauornepeaatoniero ycrpoiictea — 1 kBT, IIUTENbHOCTh 30HAUPYIOLIETO
umiynbca — 500 Mkc, yactora noBropenust umiynbcoB — 100 ', koaddunreHT
ycusieHus aHTeHHbl 1 —10 B 3aBUCUMOCTH OT YacTOThl PaJAMOBOJHBI.
[TorpemHoCTh OLICHKH AOIUIEPOBCKOTO cmernieHus dactotel (JACH) — 17 mlm,
Juana3oH CTpoOUpoBaHUs BHICOT — 75 — 450 kM.

Jlyist aHanu3a BPEMEHHBIX PSAJIOB MPUMEHSJICS CUCTEMHBIN CIIEKTpalbHbIN
aHaJIM3 Ha OCHOBE OKOHHOIO, aJJalTUBHOTO Mpeodpa3oBanuii @ypbe U BEBIET-
npeoOpa3zoBaHue. AHAIM3UPOBAIUCH TaKXKe JHEprorpaMMmbl (3aBHCHUMOCTD
SHEPruu KojiebaHui oT mepuona). s OCHOBHBIX MapaMeTpOB BO3MYIICHHUH B
noHoc(epe CTPOUITUCH TUCTOTPAMMBI.

HaGmionenrie BBINOMHEHBI [JIS YETBIPEX XapaKTEPHBIX Teo(hU3UYECKUX
MEPUOJIOB — BECEHHETO U OCEHHETO PaBHOJICHCTBUM, a TAK)KE JIETHETO U 3UMHETO
COJIHLIECTOSAHUA B TIEPHUOJ  BO3pPACTAIOLIEHM  COJHEYHOM  AKTUBHOCTH
(2011 —2013 rr.).

AnanusupoBanuch BpeMeHHble Bapuanuu JCY  panuocurHanos,
orpaxkeHHbIx oT E- m F- oGmacteit unonocdeprl. OOpaborano Oosee 120
COOBITHI TMPOXOXKIECHHUS KaK YTPEHHEro, TaK W BEYEPHETO TEPMUHATOPOB.
[lonTBepkaeHO, YTO B JHEBHOE M HOYHOE BPEMs IOCTOSIHHAs COCTaBJISIOIIAS
JICY, kak npaBuiio, Obuta 6JiM3Ka K Hy/0. Yacto uMmenu mecto konebanus JJCY
¢ ammautyaoi okojo 0.1 I'm u mepuomamu 10 — 30 mMuH. BOim3u MOMEHTOB
MIPOXOKICHUS TEpMUHATOPA MOCTOSIHHAS COCTaBIIAIOIIAs JACY
yBEJIMUMBaJlach/yMeHbIIaJach B yTpeHHee/BeuepHee Bpems Ha 0.2 — 0.3 I'm.
JIIUTEeNbHOCTh 3TOTO Tpolecca coctabisia 3 — 4 4. J[BUKeHHe TepMUHATOpa
TaK)K€ COINPOBOXKIAJIOCH TeHepauuen (yCUJIEHHUEM) KBa3UIIEPUOANYECKUX
Bapuanuii JICYU. Ammuuryna konebanuit usmensuiacb ot 0.2 nmo 0.5 I'm
(nanbonee BeposatHoe 0.35 £+ 0.05 '), mepuon — ot 10 no 25 mun (Haubosee
BeposiTHOE 3HaueHue 20 + 5 MuH).

[IpoBeneHO  YHUCIEHHOE  MOJIETUPOBAHME  OCHOBHBIX  3((PEeKTOB,
BBI3BAHHBIX JBUKEHUEM COJIHEUHOTO TepMUHaTopa. Pe3ynbrathl HabMoneHMI
COOTBETCTBYIOT pe3yjIbTaTaM pacueToB.
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OIYKTYAIIUN TEOMATHUTHOTI' O ITOJISA, COITPOBOX/IABIINE
BO3JIEUCTBUE HA HOHOC®EPY MOIIITHOTI'O

NEPUOJUYECKOI'O PAANOU3JTYUYEHUS
A. B. JlaBuaenko, JI. ®@. Yepnorop
Xapvkosckuii nayuonanvHwvli ynueepcumem umenu B.H. Kapasuna, Xapvkos, Ykpauna
ni. Ce0600wi, 4, 2. Xapvkos, Ykpauna
nedgem.list@mail.ru

Lenp pokiama — HW3JI0XKEHHE PE3YIBTATOB HKCIEPUMEHTAIBHOIO
UCCJIeIOBAaHUS BO3ACHCTBUS MOIIHOIO PagUMOMU3IYUYEHHUsI HArpeBHOTO CTEHA
«Cypa» (H. HoBropon, Poccust) Ha moHocdepy. JuarHocTnka reOMarHUTHBIX
BO3MYUIICHUN MPOM3BOAMWIACH TIPU TIOMOIIM MarHeToMmeTpa-(IoKCcMeTpa,
PacIONIOKEHHOT0 BOJIM3M T. XaphbKoBa, YKpanHa. DKCIEPUMEHT MPOBOJUIICS C
28 mo 30 asrycra 2012 r. IIpomomKUTENPHOCTh HArpeBa M Iay3 COCTaBIIAIA
30 muH. DddekTrBHAsS MOIITHOCTH paBHsutack 70 — 75 MBT.

B pe3ynbrare skcnepuMeHTa ObLIM OOHApy>KeHbI J1Ba Tuma 3((eKToB:
anepuoJUYEeCKUe M KBAa3UNEPUOIUUYECKUE YBEIMUEHUS aMIUTUTYbI KOJieOaHUM
ypoBHs 1ot oT 1 10 2 H'Tn ¢ Bpemenamu 3anasasiBanust 10 — 15 mun u 50 mun
COOTBETCTBEHHO. MX mpoaoikuTenbHOCTA cocTaBisuiv 10 — 15 u 30 — 50 muH.

Anepuonyeckue BO3MYIICHUSI 0OBSICHSAIOTCS BO3MYIIICHUEM ITapaMeTpOB
cucTeMsbl 3eMisl — atMocepa — noHochepa — MarHuTocepa, TouHee rnepeaadei
BO3MYIIEHUI OT HOHOc(hepbl K MarHutocdepe, 3a KOTOPBIM IOCIEI0BAIO
BBICBIITIAHUE PHEPTUYHBIX 3JEKTPOHOB M3 PagUAllMOHHOrO mosica B MOHOC(heEpYy.
[lepronuueckrue BO3MYIIEHUs O00YCIOBIEHBI FEHEPAIEe U paclpoCTpaHEHUEM
BHYTPEHHUX TPAaBUTAIIMOHHBIX BOJH. B o000ux ciydasx BO3MYIIEHUS
KOHIIEHTpAIMU 3JEKTPOHOB MPUBOJMIN K U3MEHEHUIO TEH30pa MPOBOIUMOCTH
noHocdepsl Ha BeicoTax aAuHamMo-obsactu (100 — 150 xkM). 3T0 mpUBOAMIO K
reHepaluyd arnepuoJMYecKuX BCIUIECKOB M KBA3UIEPUOAMYECKUX BapHalMii
r€OMarHUTHOTO MOJIS.

BBINIOTHEHBI TEOPETUUECKNE OLEHKH, KOTOPBIE XOPOLIO COTJaCOBAJIMUCH C
JaHHBIMH HAOJIOJEHUH.
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HOBBIINEHUE TOYHOCTHU OITPEJAEJIEHUA
ABTOKOPPEJISIIIMOHHBIX ®YHKIIUA CUTHAJIA

HEKOI'EPEHTHOI'O PACCESIHUA
. A. Uckpa
HUncmumym uonocghepor HAH u MOH Yxpaunwl
ya. Kpacnosnamennas, 16, 2. Xapvkos, Yxpauna
iskradmitriy(@gmail.com

Jlns  ompeneneHus mapaMeTpoB HOHOC(hEpHOM IMjia3Mbl Ha pajaape
HEKOTepeHTHOro  paccessHuss  MHctuTyTa  MOHOCEphl  UCHOJb3YyeTCs
KOppemsiinoHHasi o0paboTka curHana paccesiuus. OQHUM U3 3TAoB 00pabOTKH
ABIIIETCS TMpeoOpa3oBaHME CUTHANA B LU(PPOBOM BUJ M BBIYUCICHUE €Tr0
aBToKoppessiuonHoi GyHkiuu (AK®). CymecTByomuii KoppensaTop paaapa
BBIIIOJIHEH HA OCHOBE JKECTKOM JIOTMKHM, MHTEPBal IUCKPETHU3ALMU BXOJHOIO
curHana cocrasisieT okosio 30 Mxc. Ha Beicotax cBbime 600 kM BcliencTBue
YMEHBIICHUs] WHTEpBaja Koppensiuuud cpenbl [1], mHGOpMATUBHBIMU YaCTO
OKa3bIBalOTCS TOJNBKO mepBeie 4-5 orcuetoB AK®D. [Ing yMeHblIeHUs
HEONPEeEICHHOCTH TPU PEIIEHUH OOpaTHOW 3aJayd 4acTOTy JUCKPETU3aLMU
BXOJIHOTO CUTHaJIa HEOOXOAMMO YBEITUYNBATh.

COBpeMEHHOE  COCTOSIHHE  BBIYHMCIHUTENBHOM  TEXHHKHM  IO3BOJISET
peanuzoBars omnpeneneHne AK® 4YHCTO MNpPOrpaMMHBIMU  CPEIACTBAMM.
PazpaGotannsii B HWHcTUTyTEe HOHOCGhEpPHl COBPEMEHHBIM  KOPPEIATOP
ucnosibdyet moayib ALIT E20-10. Moaynpe umeeT 4-KaHAJIBHYIO apXUTEKTYPY C
onHuM  l14-paspsaabiM - ALIIl, koMmyTatopoM, BXOJHBIMH Oy(epHBIMU
yCUJIUTENSAIMU, QUIIbTpaMu B KakJI0oM KaHase. bnaromaps BxoaHsiM OydepHbIM
ycunurenasaM, 3(pQPexkT IAMHAMHUYECKMX KOMMYTAIMOHHBIX IOMEX MOJIHOCTBHIO
uckmoueH. Kaxnapiii kanan mmeer @HY 3-ro mopsimka ¢ 4acToToi cpesa
1.25 MI'n, ynydmiaronuid COOTHOIICHHE CUTHAl-IIyM. BHyTpenHuii Oydep
FIFO pa3zmepom 8 MOailT UCKITIOUAET NOTEPIO JIAHHBIX.

Hns monynst E20-10 Op1mo paspaboTaHo NporpamMMHOE OOecleueHHeE,
MO3BOJISIIONIEE 3aMEHHUTh CYLIECTBYIOIIME KOPPEIATOPHl HA OCHOBE KECTKOM
noruku [2]. WHTepBas nOHMCKpeTHM3alMyd BXOJHOIO CHUTHAjJa YMEHBIIEH [0
5.1 Mxc, npu 3TOM uncio orcuetoB AK® Bo3pocio B 6 pas.

BoiBoabl. Pa3zpaboTaHHbBI  KOpPpENATOp  MO3BOJMI  CYHIECTBEHHO
YMEHBIIUTh MHTEPBAJl JUCKPETU3ALMM BXOAHOTO CHUTHajla U YBEJIMYUTH
konuyecTBO orcuetoB AK®. Tem caMbIM, CYHIIECTBEHHO YMEHBIINUIIACH
HEONPEeICJICHHOCTh MPHU PEUICHUU OOpaTHOM 3a/layu, YTO TMO3BOJUT MOBBICUTH
TOYHOCTH OTpeJeeHus] HOHOC(hepHbIX napaMeTpoB Ha BeicoTax 600—2000 kM.

Cnucok sgureparypsol: 1. Pozooxckun E.B., Ilynses B.A., Jlvicenko B.H.
30HIUPYIOIIME  CHUTHAJBl  JUIsl  HUCCIENOBAaHUA  HMOHOC(HEPHl  METOAOM
HEKOTepeHTHOro paccesHusi: MoHorpadus, Xapekos: HTY «XIIW». — 2008. —
256 c. 2. Ilynses B.A., /[{31060ano6 /I.A., lomnun U.®. Onpenenenue napaMmeTpos
HOHOC(Eepbl METOJAOM HEKOT€PEHTHOTO pacCestHUs PaJuoBOJH: MOHOTpadus,
XapbkoB: «Iligpyunux» HTY «XITH». —2011. — 240 c.
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I'EOKOCMHNYECKAS BYPA 14 HOABPA 2012 'OJA:
PE3YJIBTATBI HABJIIOJEHU HA XAPBKOBCKOM PAJIAPE

HEKOI'EPEHTHOI'O PACCESIHUA
C. B. Kanko
HUncmumym uonocghepor HAH u MOH Yxpaunwl
yn. Kpacnosnamennas, 16, . Xapvros, Yxkpauna
sophiaharytonova(@gmail.com

MHuoroo0Opa3ue U CJIOXHOCTh IMPOIIECCOB, BO3HHUKAIOIIUX BO BpeMs
Ir€OMAarHUTHBIX BO3MYIIEHUH, AENIal0T KXyl OypIo YHUKAJIbHOU. XapakTep ux
MPOTEKAHUSI 3aBUCUT OT MHOTMX reodusnueckux (axrtopoB. CIOXKHOCTh U
M3MEHYHUBOCTh (PU3WYECKUX MPOILIECCOB, (POPMUPYIOMIHNX Oypro, 3aBUCHUMOCTb
BKJIaJla pa3IMYHBIX (PU3NYECKUX MEXaHHU3MOB OT Teorpauyeckoro peruoHa
OPUBOJAT K OOJIBIIOMY MHOTIOOOpPa3uio HaOIIOJAEMBbIX SIBICHUN B Pa3IMYHBIX
MyHKTaX. AHanIM3 KakI0i HOBOW OypH JaeT NONOJHUTEIbHYI0 HMH(OpMaIuio
JUTSl JAJIbHEUIIEro MCCIEIOBAaHUS U MOJEIUPOBaHUS (PU3UUYECKUX TPOLECCOB B
cucteme ComHile — 3emiis, a TaKxKe JJI IPOrHO3UPOBAHUS PEAKIIUU HOHOC(EPHI
Ha HecTalMoHapHble npouecchl Ha CoJlHIIe B KOHKPETHOM PETHOHE.

Ha6monenuss marautHoit 6ypu (MbB) 14 Hos0ps 2012 r. nmpoBoguiIKch €
MOMOIIBIO €IMHCTBEHHOTO B CpeAHEIIMPOTHOW EBpome xapbKOBCKOTro pajapa
HEKOT'€PEHTHOI'0 PacCcesiHUsl METPOBOTO JIHAIa30Ha.

BoznuknoBenuto cunbHoit Mb 14 wHosi06ps 2012 r. mocmykuil BbIOpoC
KopoHanbHOM Maccel 9 u 10 HosiOps 2012 1. 3HayuTeNbHOE MAarHUTHOE
BO3MYyIleHHE cTajgo 3aMeTHbIM ¢ 18:00 13 Hos0ps. ['maBuas daza Mb umena
Mecto ¢ 00:00 no 06:00 UT (Bcemupnoe BpeMmsi) 14 HOsiOpsi. MakcumainbHbIC
OTKJIOHEHUSI HMHJIEKCOB TE€OMarHUTHOM aKTUBHOCTH OBUIM CJEIYIOUIUMU:
AEax = 1009 BT, K, max = 6+, Dy min = —109 BT

W3mepeHus KpUTHYECKOM YacTOTHI MOKa3alH, YTO FreoKOCMuYecKas Oyps
CONMpOBOXKJajnach Haja  XapbkoBoM  uoHochepHoir Oypeit (MBb) co
3HAKONEPEMEHHbIMU (ha3aMu, 0COOCHHOCTBIO KOTOPOU SABIISIIOCH HAIMYUE ABYX
MOJIOKUTENbHBIX (a3 BO3MYIIEHUS M OJHOM oTpuuarenbHod. Ilpu sTom
KOHIIEHTpAIUs JEKTPOHOB B MakcuMyme ciosi F2 Bo BpeMsi MOJOKHUTENbHBIX
¢da3 yBenuuuBaiach A0 3 pa3, a BO BpeMsl OTpULATENBHONU (a3bl yMEHbIIAIACh
no 5 pa3. CymiecTBeHHbIe HW3MEHEHHS BBICOTHI Makcumyma ciosi F2
HaOmonanuchk okono 03:30 UT 14 Hosi6pst: oHa moaHsiack a0 400 kM, Torna
KaK TIPU MarHUTOCTIOKOMHBIX YCIOBUSX HAXOAUIACh Ha ~ 275 KM .

B Teuenne Bcelr orpunarensHoil ¢assl MUb B nuanazone BwicoT 200 —
700 kM TemIiepaTyphl JIEKTPOHOB U MOHOB yBeanuminch Ha 200 — 300 u 100 —
200 K coorBercTtBeHHO. Bo BTOpyI0 mNOJOXKUTENbHYIO (a3y TemmepaTypsl
HayaJld yMEHBIIAThCs, MOCJIE Yero mocienoBaja (aza BOCCTAHOBICHHUS BCEX
napamMeTpoB K 3HAUEHUSIM, XapaKTEPHBIM JJI1 HEBO3MYIIEHHBIX YCIOBUH.

PesynpraThl HaOmtofeHudt mnokaszanu, urto cwibHas Mb 14 Hosa0ps
2012 r. nmocrnocoOcTBOBajla BO3HUKHOBEHHUIO CYIIECTBEHHBIX HW3MEHEHHH B
CYTOYHOM XOJI€ apaMeTPOB HOHOCHEPHOM IMIIa3MBbl.
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AUTOMATION OF THE CONTROL ACTION FOR THE IS COMPLEX
S. Kozlov', V. Pulyayev?
!National Technical University “Kharkiv Polytechnic Institute”
Ukraine, Kharkov, str. Frunze 21
kss300@mail.ru

*Institute of lonosphere of NAS and MES of Ukraine

16, Chervonopraporna str., Kharkiv, 61002, Ukraine
pulyaev@kpi.kharkov.ua

The operational parameters of the change of radar systems of the Institute
of the ionosphere will improve information content of the data. Settings
management equipment Research Observatory of the Institute of the ionosphere
that affect the mode of transmission and reception, it is advisable to carry out
using the control action. The control action is a prescription, which contains
information about the required parameters of the receiving and transmitting
equipment and equipment for initial processing.

To automate the formation of the control action is to increase the
efficiency of use of the potential of the IS complex:

1. Providing the operator with the relevant data for decision-making.

2. Acceleration of certain operations to collect and process data.

3. Reducing the number of decisions on the measurement mode and the
increased scrutiny.

4. Increased efficiency of control.

5. Increasing the validity of decisions.

To form the content of the control action necessary to collect information
that differ in composition, properties, significance. To this end, developed
software written in HTML and JavaScript with a connection library jQuery
script itself. The client program is able to provide real-time information
collected from various sources to connect to the database of the Institute of
Ionosphere and other research agencies. This software product is an automatic
system of collecting information. The software provides the operator with easy
access to information, allows you to search the values of the specified criteria,
warns about excess parameters thresholds and other process control
measurements can be carried out at the request of the operator or to be
automated in accordance with the requirements that are generated by the
program.

Automation of the control action will simplify the collection of the
information necessary to select the mode of operation of the complex, a more
economical use of energy resources, improve information content of the data.
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ANALYSIS OF VARIATIONS OF THE CRITICAL FREQUENCY
foF2 OF THE IONOSPHERE OVER KHARKIV
DURING TWO SOLAR CYCLES

L. Emelyanov, A. Kononenko
Institute of lonosphere of NAS and MES of Ukraine
16, Chervonopraporna str., Kharkiv, 61002, Ukraine
andr.zm.ua@mail.ru

We analyzed the data of 1onozonde “Bazis” of the Institute of lonosphere,
which were obtained for the period of 1997-2012 under different space weather
conditions. The results of measurements of the ionospheric F2 layer critical
frequency (f,F2) in characteristic for analysis times of day (noon and midnight)
are presented.

It is shown that the temporal variations in f,F2 correlate with the
variations in the solar activity index F10.7.

Extreme values of the f,F2 trend were near the peaks of the smoothed
temporal dependence of F10.7 index. A change in trend <f,F2> for solar cycle
23 (May 1996-January 2009) is 1.4 times more than growth in
<f,F2> for solar activity cycle 24: ratios of the maximum of f,F2 trend to its
minimum were 2.4 and 1.7 in solar cycles 23 and 24 respectively. Such
difference in f,F2 variations for these cycles corresponds to difference in
electron density variations in the F2 layer peak approximately twice. Similar
relations took place for the F10.7 index: its change on average 1.5 times greater
in solar cycle 23 than the change in cycle 24. The minimum values in variations
<f,F2> were similar for both cycles, as well as minimum values in the smoothed
temporal dependences of the F10.7 index.

Dispersion of the f,F2 frequency, which was measured at noon, greatly
increases with solar activity increase, just as the F10.7 index dispersion
increases.

Changes in the trend of the f,F2 frequency, which was measured during
the study period at midnight, and in its dispersion are negligible.

We recorded decrease of f,F2 during the geomagnetic disturbances with
respect to its average values in the quiet ionosphere.
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ASSESSMENT INTERFERENCE FROM SPACE DEBRIS WHEN
MEASURED IONOSPHERIC PARAMETERS

AT THE KHARKOYV IS RADAR
O. L. Lialiuk, J. N. Chepurnyy
Institute of lonosphere of NAS and MES of Ukraine
16, Chervonopraporna str., Kharkiv, 61002, Ukraine
alexlialiuk(@gmail.com

Under the space debris refers to all man-made objects and fragments in
space that is faulty, do not work and never will no longer serve any useful
purpose, but it is a dangerous factor affecting the operating spacecraft. Since the
beginning of space exploration steadily increasing amount of debris. Compared
to the year 1972 when it was started measuring ionospheric parameters method
of IS in Kharkov, the number of cataloged objects has increased more than 4.5
times, and has reaches 16500 [1]. Means of observation fixed part of space
debris with dimensions 10 inches and smaller, these objects are not cataloged.
Estimate of the total number and density of their distribution in the orbit are
made on the basis of models [2].

Reflection of space debris interfering with measurements of ionospheric
parameters method of IS at altitudes of 100 — 2000 km.

The calculations for the IS radar which shows that the power reflections
from space debris with lateral dimensions of 1 cm or less does not exceed the
noise power system. The objects of space debris by diameter of 10 cm, interfere
with the radiation pattern (RP) of the antenna pattern at altitudes up 700 km.
Objects with dimensions of 30 cm or more create obstacles through the main
lobe RP and three first side lobe. For an object that crosses the RP antenna
through its maximum time span of the main lobe is from 0.45 to 10 seconds
depending on the altitude of orbit. In the main lobe RP antenna always present
about 38 objects transverse size of 1 cm, at least once for every 13 seconds RP
antenna intersects the object size from 1 to 10 cm. A significant increase in
recent years, the level of noise from space debris requires special methods of
processing the results of ionospheric measurements.

References: 1. N. Johnson (NASA). USA Space Debris Environment,
Operations and Policy Updates.// Presentation to the 49th Session of the
Scientific and Technical Subcommittee Committee on the Peaceful Uses of
Outer Space United Nations. 6—-7 February 2012 —
(http://www.unoosa.org/pdf/pres/stsc2012/tech-26E.pdf).

2.TOCT P 25645.167 —2005 // Kocmuueckas cpeaa (ecTecTBEHHas W
HUCKYCCTBEHHas1) Mojenb NpOCTPAaHCTBEHHO-BPEMEHHOTO  pacIpecIICHHS
IJIOTHOCTH TIOTOKOB TEXHOTEHHOTO BEIIECTBA B KOCMHUYECKOM IMPOCTPAHCTBE. —
M. : Crangaptuadopm, 2005 r.
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Atmospheric gravity waves (AGWs) are a significant part of dynamical
processes in the Earth’s atmosphere. They play crucial role in momentum and
energy transport, thereby coupling different atmospheric regions of the Earth —
atmosphere — geospace system. AGWs can be generated by the movement of the
solar terminator, solar eclipses, earthquakes, volcanic eruptions, etc. Most of
large scale AGWs are originated at high latitudes during space weather
variations and propagate equatorward. The sources of medium scale gravity
waves are often located in the lower atmosphere and include weather front
moving, thunderstorms and jet streams. Apart from natural sources of AGWs,
there are man-made ones such as powerful explosions, rocket launches and
effects of high power radio waves.

AGWs in the ionosphere manifest themselves as travelling ionospheric
disturbances (TIDs) and quasi periodic variations in electron density, electron
and ion temperatures and plasma drift thus occur. These variations of
ionospheric parameters can be obtained by ground and spaced based instruments
to identify the location and to estimate the energetics of gravity waves sources
as well as to determine the effect of TIDs and AGWs on atmosphere and
ionosphere processes.

Kharkiv incoherent scatter radar enables to detect the vertical structure of
TIDs. We have developed the technique to obtain quasi-periodic variations in
incoherent scatter power caused by passage of TIDs. The experimental data
were acquired during several years near the times of spring and autumn
equinoxes as well as winter and summer solstices. The time intervals at which
the intensity of incoherent scatter signals varied quasi-periodically in the altitude
range from 150 to 300 km were detected. The parameters of these variations
were estimated using statistical analysis and bandpass filtering. The periods of
wave processes were shown to be of 30 — 120 min, there durations did not
exceed of 2 — 6 periods and relative amplitudes usually ranged from 3 to 15 %.
The phase of oscillations was detected to propagate downwards. The vertical
phase velocity of TIDs was estimated to be in the range from 50 to 200 m/s and
increased with altitude. Our estimations of TIDs parameters are substantially in
agreement with those obtained by other researchers.
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The main task of developed in the Institute of Ionosphere the ISR express
data processing system is to give to the user information (text and graphics)
about the data presented in the database: size, quality (noise situation and
operating modes of receiving and transmitting equipment for the radar),
geophysical conditions during measurement of ionospheric parameters, etc.

This system works on a remote server and provides calculation of such
parameters as daily variations in noise power estimates, estimates of the
signal-to-noise ratio (SNR) at the maximum of the F2 region and the altitude of
the maximum F2 region, temperature of ions and electrons, the region where
SNR<0.1, drift velocity of ionosphere plasma, etc.

These calculated data by ISR express data processing system are saved in
XML format files and may be used by other programs of processing and
visualization after format conversion. Also it is possible to convert the XML
format files to the Madrigal database file format.

The data is saved in XML format version 1.0 with structure developed in
the Institute of lonosphere could be additionally optionally archived in ZIP
format to reduce mounting space of server.

Currently developed data exchange program automatically determines the
format (ZIP or XML), unzips the file if it is required, and then parses the data
necessary for the user with the necessary restrictions and saves them in text
format.

The program displays the date, time, and number of sessions treated by
ISR express data processing system, shows the status of its work.

Using the interface of the program user can select the parameter to
convert, choose the delimiter (a combination of the semicolon, tab, space), the
placeholder text for missing values (none, simple space, nul, etc.), separator for
the fractional part numbers (point or comma), and optionally set the time
interval and altitude for some parameters. The data is stored in the directory
specified by the user in the necessary text format (for example CSV).

Data exchange program is written in the Free Pascal and can be compiled
for many architectures and operating systems.

The program source code and binary executables for Windows and Linux
available on the website of ISR data express processing system
(http://database.iion.org.ua/).
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Measured autocorrelation function (ACF) of incoherent scattering (IS)
signals is basic data for estimation of parameters of the ionosphere using IS
technique.

The procedure of the parameters estimation (the inverse problem) is
comparison of the measured ACF with pre-calculated theoretical functions
according to the least-mean-square criteria.

Ambiguity in the solution of the inverse problem for the data obtained for
the heights of the middle ionosphere (120-300 km) may occur when several
various combinations of ionospheric parameters result in almost identical,
indistinguishable ACFs.

Simulations have shown that the solution of inverse problem with a large
number of unknown parameters (the temperature of ions and electrons and the
ratio of the molecular to atomic oxygen ions concentrations) using a small
enough grid steps for solving of the inverse problem may cause a bias in
solutions from up to obtaining the values of the ionosphere parameters to be
radically distinct from the true values.

Thus, to obtain reliable data about the variations in ionospheric plasma
parameters with excluding the ambiguity of solutions, it is necessary to use the
optimal grid steps for solving of the inverse problem and the model of the
distribution of one of the plasma parameters.
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Currently on the IS radar of the Institute of Ionosphere IS correlation
signal processing is carried out after the synchronous detection using quadrature
channels. The data digitized by on video frequency, after detecting serve for
calculating correlation functions. The array of calculated correlation functions of
the IS signal is determined altitude distribution of the ion and electron
temperatures, ion composition, and the radial component of the velocity of the
ionospheric plasma.

However, based on this principle the system has a fixed algorithm
processing. Practice ionospheric measurements shows that the optimum amount
of correlation channels, which is determined by the interval correlation and what
is kind of a measured ACF IS signal in the range 18-20 irrespective of the
operating wave length.

At A =2 m optimal step for altitudes near the maximum ionization and
below is 30—40 milliseconds, and for altitudes, dominated by hydrogen ions —
about 10 microseconds.

Consequently correlometer which has a fixed processing algorithm is not
optimal for the determination of the altitude distribution of ionospheric
parameters when observing simultaneously in a large range of heights, for
example, from 120 to 1500 km.

Disadvantages of systems with fixed processing algorithm can be avoided
by using the values of the digitized recording directly from the outputs of the
quadrature receiver channels.

The method of digitizing the signal values directly at the output terminal
of the intermediate frequency amplifier additionally eliminates the drawbacks of
analog schemes is proposed in this paper.

This approach makes it possible to carry out spectral and (or) IS
correlation processing on the intermediate frequency signal in a frequency band
agreed, take into account the characteristics of the plasma at different altitudes,
identify and assess the asymmetry of the spectrum, which may indicate the
nature of the plasma response to a perturbation of its equilibrium state.
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OOparraercss BHUMaHUE, YTO B HACTOsSIIEe BpeMs OOJBIIOC BHUMAaHHE
yIeNseTCsl U3yYEHHIO0 OKOJO3€MHOT0 KOCMHMYECKOI'O IMPOCTPAHCTBA METOA0M
HEKOTePEeHTHOI'0 paccesHusi paanoBoiH. Ho HazmexHOMy pacdery mapaMeTpoB
HOHOC(HEPHOH cpenbl MemaeT psja (akTopoB — IMOSBICHHE B 30HE TUArPaMMEI
HANPaBIECHHOCTH aHTEHHBI PaJapOB CIyTHUKOB M METEOPHBIX TIOTOKOB, a TAKXKe
BO3HUKHOBEHHUE KOTEPEHTHBIX CHUTHAJIOB M3-3a paboTarommx pagunocucteM. Bee
9TO TPHUBOJUT K BO3HHUKHOBCHHIO MEIIAMOIINX OTPAKECHUW, W JallbHEHIIas
00paboTKa MOJIE3HOTO CUTHAJIA B MPOIECCE ero CTaTUCTHYECKOro aHaJIn3a J1aeT
HEBEPHBIN pe3yibTar.

OcBematoTcst BOIPOCH! pa3pabOTKH BCIOMOTaTEeIbHOIO OJHOKaHAJIBLHOT'O
BBIUMCIIUTEIILHOTO YCTPOMCTBA, MPEeIHA3HAUYCHHOTO ISl pacuyeTa M HaKOTUICHHUS
3HaYeHUH  KOA(P(UIMEHTOB  MEXKIEPHOAHOW  KOpPpENAlUM  CHUTHaja
HEKOTEPEHTHOTO  PAacCesHUs, KOTOPBIM  MOCTyMaeT Ha  MNPOTHKECHUU
PalMOJIOKAIIMOHHBIX ~ Pa3BEPTOK  JanmbHOCTH.  OCBEHmIAIOTCS  METOAHMKH
JanbHelIIel 00paOOTKM JAaHHBIX, KOTOpHIE MAf0T BO3MOXKHOCTh YMEHBIIUTH
3aBHCHUMOCTh OT IIYMOB W UMIYJIbCHBIX TOTPEIIHOCTEH W TPHUBEAET K
YBEIIMYCHHUIO OTHOIIIECHUS] CUTHAJ/IIIYM.

VYKa3pIBaeTCs, YTO JAJISl HANIEKHOTO PA3NIUUCHUS MOJAOOHBIX OTpPAKCHHMA
OBUTIO PENICHO MOJy4aTh BCIIOMOTATEIbHYIO WH(POPMAIIHIO B JTOTIOTHUTEIEHOM
KOPPEISAIIMOHHOM KaHaje. YTpoIeHHBIH BapHaHT  KOppeJsITopa,
yctaHoBieHHbIH mocne ALIIl, MoXeT naBaTh pe3ynbTaThl, KOTOPBIE MOMOTYT
orepaTropy B IpolLecCe aHalu3a M CeNeKIUH TOJe3HOW HH(pOpMaIun C
OCHOBHOT'O KaHajia. Pe3ynbTaT HAaKOIUIEHUs KoppeisTopa OyneT MpeacTaBisiTh
co0oif 3aUKCHpOBaHHBIC BIOJb PAa3BEPTKH BBIOPOCH], KOTOPBIC TOKAXKYT
HAJIMYUE TeNed W WMITYIbCHBIX ToMeX. lIpe/mnokeHHbIil KoppemsTop OyaeT
paboTaTh B pEXKUME OIICHKH MEXIEPHUOTHOW KOPPEISIUU MPHUHUMAEMOTO
CHUTHaja,  MO3TOMY  CTATUCTHYECKOE  HAKOIUIGHWE  TEPEeMHOKAEMBIX
HEKOPPEJIIMPOBAHHBIX OTCUYETOB CHUTHAJIA PACCESTHHs AacT MPUOIMKAIOIIYIOCS K
HYJIIO COCTaBIISIOUIYI0, a COCTaBISIONIasi OT KOTEPEeHTHOM momexu Oyzaer
OTJIMYATHCS OT HYJIS.

[lokazansl 0OCOOEHHOCTM BBIOOpa U OOOCHOBaHUS MPEAJIOKEHHOM
CTPYKTYpHOW ¥ (YHKIMOHAIBHON CXEMbl TaKOrO KOHTPOJBHOTO KaHaja,
O0COOCHHOCTH pacueTa MPUHIIMITHAIBHON CXEMBbI W BHIOOpA AJIIEMEHTHOUW Oa3bl.
JIeMOHCTPUPYIOTCS  pe3yIbTaThl MPOrPAMMHOTO MOJICIMPOBAHUS TpoIecca
pacuera MEXIEPHOAHON KOppesiiMM Ha npumepe o0paboTKH peanbHO
MOJYYEHHOT'O CUTHAJIa Ha BXOJIE Pajapa HEKOTePEHTHOTO PaCCesTHHUS.
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The distribution of hydrogen ions concentration is most influenced (as
compared with atomic oxygen ions) by plasma transport processes related to the
ambipolar diffusion effect, neutral winds and E-B drift. Self-consistent modeling
of these processes is a difficult problem. In this case, it is necessary to use the
models of neutral atmosphere (including the model of the winds) and
ionospheric models. Each of these models provides the data with some (random
or systematic) errors. Uncertainties in the parameters of the neutral atmosphere
and the ionospheric plasma can eventually lead to significant errors in estimated
H' ions concentration.

The most reliable results can be obtained using the experimental data for
calculation of H' ions concentration. Incoherent scatter technique allows
obtaining the electron density and temperature of the ions which are necessary
for the calculation.

In this study we performed calculations for a minimum of solar activity
(data for years of 2009, 2010). The calculations were performed assuming a
chemical equilibrium for hydrogen ions. Comparison of the calculated results
with the data of direct measurements have shown that this assumption is quite
reasonable for the midday hours.

Also, calculations were performed using the electron density and ion
temperatures taken from the IRI-2012 model. It is established that the use model
data only leads to significant systematic errors in calculated values of H' ions
concentration. This fact, in turn, shows that the accuracy of the models of ion
temperature and electron density is not sufficient.
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